Docket No. 1 568.1 032/MDS/JGM 



TITLE OF THE INVENTION 

POLYMERIC GEL ELECTROLYTE, LITHIUM BATTERY USING THE SAME, AND METHODS 
OF MANUFACTURING THE ELECTROLYTE AND THE LITHIUM BATTERY 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of Korean Application No. 2001 -669, filed January 
5, 2001, in the Korean Industrial Property Office, the disclosure of which is incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] The present invention relates to a polymeric gel electrolyte and a lithium battery using 
the same, and more particularly, to a polymeric gel electrolyte formed by polymerization used in 
a battery, a method of manufacturing the polymeric gel electrolyte, a lithium battery having 
improved high-rate charging/discharging characteristics using a separator containing the 
polymeric gel electrolyte, and a method of manufacturing the lithium battery. 

Description of the Related Art 

[0003] Conventional lithium secondary batteries use electrolytes, such as liquid electrolytes 
or solid electrolytes, and in particular, polymeric electrolytes. Since a lithium secondary battery 
using a polymeric electrolyte is unlikely to damage equipment due to leakage of an electrolyte 
solution and the electrolyte itself serves as a separator, the polymeric electrolyte allows for 
miniaturization of the battery and realizing a high energy density battery. Owing to such 
advantages, much attention has been paid to lithium secondary batteries using polymeric 
electrolytes that can be used, for example, in operating power sources such as those used in 
portable electronic devices and computer memory backups. 

[0004] An example of a lithium secondary battery using the polymer electrolyte as the 
separator is described, for example, in U.S. Patent No. 5,952,126. In this battery, a polymeric 
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electrolyte comprises a polymer matrix composed of a copolymer of N-isopropylacryl amide and 
polyethyleneglycol dimethacrylate and an electrolyte solution. The polymer matrix and the 
electrolyte solution are made into a film that is interposed between a cathode and an anode. 
The composition which forms the polymer matrix can also include polyethylene glycol and/or 
dimethacrylate, which are added during the manufacture of the electrodes. 

[0005] However, the above-described lithium secondary battery is difficult to manufacture. 
Also, due to a low content of the electrolyte solution, the ion conductivity between the cathode 
and the anode deteriorates, which adversely affects the battery performance. More specifically, 
the battery has a poor capacity in view of the high-rate charging/discharging characteristics. 

SUMMARY OF THE INVENTION 



[0006] It is an object of the present invention to both provide a polymeric gel electrolyte 

□ having excellent mechanical strength and improved ion conductivity between electrodes with an 

p* 

U increased amount of an electrolyte solution, and a method of manufacturing the polymeric gel 

4* electrolyte. 

m 

? " [0007] It is an additional object of the present invention to both provide a lithium battery 

jjT, having improved high-rate charging/discharging characteristics by using the polymeric gel 

q electrolyte, and a method of manufacturing the lithium battery. 

m 
fi 

2 [0008] Additional objects and advantages of the invention will be set forth in part in the 

description which follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention. 

[0009] To achieve the above and other objects, a polymeric gel electrolyte polymeric gel 
electrolyte prepared by polymerizing a polymer electrolyte precursor according to an 
embodiment of the present invention includes a polymer represented by formula 1 , a 
crosslinking agent represented by formula 2, and an electrolyte solution composed of a lithium 
salt and a non-aqueous organic solvent, where: 
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Formula 1 



CH 2 OCH 2 CH=CH 2 
-(CH 2 CH 2 0)x— (CH 2 CHO)^(CH 2 CHO)z 

CH 2 

I 2 

0(CH 2 CH 2 0) 2 R 

Formula 2 

R 1 R' 

U H 2 C=C C=CH 2 

G | I 

| 0=C— 0 (CH 2 CH 2 0)n-C=0 gnd 

j 3 x ranges from 0.1 to 0.6 mol, y ranges from 0.1 to 0.8 mol, z ranges from 0.1 to 0.8 mol, R is an 

<w alkyl having 1 to 6 carbon atoms, n is an integer from 3 to 30, and R' is hydrogen or CH 3 . 

X 

M [001 0] According to another embodiment of the present invention, a method of manufacturing 
g a polymeric gel electrolyte includes preparing a polymer electrolyte precursor by mixing a 

W polymer represented by formula 1 , a crosslinking agent represented by formula 2, and an 

o 

J i electrolyte solution composed of a lithium salt and a non-aqueous organic solvent, where: 
Formula 1 



CH 2 OCH 2 CH=CH 2 
— (CH 2 CH 2 0)x^ 2 ffiO)r-(CH 2 TO)z 

CH 2 

0(CH 2 CH 2 0) 2 R 
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Formula 2 



H 2 C=C 



;=CH 2 



0=C 0(CH 2 CH 2 0)n-C=0 ? apd 

x ranges from 0.1 to 0.6 moi, y ranges from 0.1 to 0.8 mol, z ranges from 0.1 to 0.8 moi, R is an 
alkyl having 1 to 6 carbon atoms, n is an integer from 3 to 30, and R' is hydrogen or CH 3 ; and 
polymerizing the polymer electrolyte precursor. 

[001 1] According to a further embodiment of the present invention, a lithium battery includes 
a cathode, an anode, and a separator interposed between the cathode and the anode, wherein 
the separator is an insulating resin sheet having a network structure to contain a polymeric gel 
electrolyte, the polymer electrolyte being prepared by polymerizing a polymer electrolyte 
precursor comprising a polymer represented by formula 1 , a crosslinking agent represented by 
formula 2, and an electrolyte solution composed of a lithium salt and a non-aqueous organic 
solvent, where: 



Formula 1 



~(CH 2 CH 2 0)x— (CH 2 CHO)3^-(CH 2 CHO)z 

CH 2 

0(CH 2 CH 2 0) 2 R 




Formula 2 



R' 



R' 



0=C 0(CH 2 CH 2 0)n-C=0 
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x ranges from 0.1 to 0.6 mol, y ranges from 0.1 to 0.8 mol, z ranges from 0.1 to 0.8 mol, R is an 
alkyl having 1 to 6 carbon atoms, n is an integer from 3 to 30, and R' is hydrogen or CH 3 . 

[0012] According to yet another embodiment of the present invention, a method of 
manufacturing a lithium battery includes inserting an insulating resin sheet having a network 
structure between a cathode and an anode to form an electrode assembly and accommodating 
the electrode assembly into a battery case, injecting a polymer electrolyte precursor comprising 
a polymer represented by formula 1, a crossiinking agent represented by formula 2, and an 
electrolyte solution composed of a lithium salt and a non-aqueous organic solvent, into the 
battery case having the electrode assembly to impregnate the polymer electrolyte precursor into 
the insulating resin sheet having the network structure, where: 

Formula 1 

[=CH, 



(M 2 OCH 2 CH-ui 2 
-(CH 2 CH 2 0)x— (CH 2 CHO)r-(CH 2 CHO)z 

0(CH 2 CH 2 0) 2 R 



Iff Formula 2 



R' ?' 



H 2 C=C 



j=CH 2 

0=C 0(CH 2 CH 2 0)n-C=0 _ gnd 

x ranges from 0.1 to 0.6 mol, y ranges from 0.1 to 0.8 mol, z ranges from 0.1 to 0.8 mol, R is an 
alkyl having 1 to 6 carbon atoms, n is an integer from 3 to 30, and R' is hydrogen or CH 3 , and 
polymerizing the resultant of the injected polymer electrolyte precursor to form the polymeric gel 
electrolyte. 
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[0013] According to an aspect of the invention, the polymer represented by formula 1 has a 
weight-average molecular weight of 5,000 to 2,000,000 and a content thereof is 2 to 10 parts by 
weight based on 100 parts by weight of the polymer electrolyte precursor. 

[0014] According to another aspect of the invention, the crosslinking agent represented by 
formula 2 has a weight-average molecular weight of 258 to 500,000, and a content thereof is 
0.01 to 50 parts by weight based on 100 parts by weight of the polymer electrolyte precursor. 

[0015] According to still another aspect of the invention, the polymer electrolyte precursor 
further includes as an additional crosslinking agent 0.01 to 50 parts by weight of 
N,N-(1,4-phenylene)bismaleimide, based on 100 parts by weight of the polymer electrolyte 
precursor. 

[0016] According to yet still another aspect of the invention, the non-aqueous organic solvent 
is at least one selected from the group consisting of propylene carbonate, ethylene carbonate, 
dimethylcarbonate, methylethylcarbonate, diethylcarbonate and vinylene carbonate, and the 
lithium salt is at least one selected from the group consisting of LiCI0 4 , LiBF 4 , UPF 6 , LiCF 3 S0 3 , 
and LiN(CF 3 S0 2 ) 2 . 

[0017] According to a further aspect of the invention, the content of the electrolyte solution is 
in the range of 40 to 98 parts by weight based on 100 parts by weight of the polymer electrolyte 
precursor. 

[0018] According to a still further aspect of the invention, the insulating resin sheet is one of a 
polyethylene resin, a polypropylene resin or a combination thereof, has a porosity of 40 to 80%, 
and has a thickness in the range of 10 to 30 pm. 

[0019] According to a yet further aspect of the invention, in preparing the polymer electrolyte 
and lithium battery, the polymerization temperature is in the range of 60°C to 100°C. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The above and other objects and advantages of the present invention will become 
more apparent and more readily appreciated by describing in detail embodiments thereof with 
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reference to the accompanying drawings in which: 

FIG. 1 is a graph showing the standard charge/discharge cycle characteristics of lithium 
secondary batteries manufactured by Examples 1 through 4 according to embodiments of the 
present invention; 

FIG. 2 is a graph showing the discharge-performance-by-rate of a lithium secondary 
battery manufactured by Example 1 according to an embodiment of the present invention; and 

FIG. 3 shows a lithium-sulfur battery according to an embodiment of the present 
invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0021] Reference will now be made in detail to the present preferred embodiments of the 
present invention, which are illustrated in the accompanying drawings and discussed in specific 
examples, wherein like reference numerals refer to like elements throughout. The 
embodiments are described below in order to explain the present invention by referring to the 
figures and examples. 

[0022] As shown in FIG. 3, a lithium-polymer battery according to an embodiment of the 
present invention includes a case 1 containing a positive electrode (i.e., a cathode) 3, a 
negative electrode (i.e., an anode) 4, and a separator 2 interposed between the positive 
electrode 3 and the negative electrode 4. According to embodiments of the present invention, 
a polymeric gel electrolyte is used as a separator 2, or an insulating resin sheet having a 
network structure and a sheet containing the polymeric gel electrolyte in the matrix is used. 
However, the use of the insulating resin sheet has certain advantages. Since the polymer 
electrolyte exists in the form of gel in the network structure of the sheet, the leakage of an 
electrolyte solution does not occur. Also, the degree of freedom in ion mobility is greater than 
when using a pure solid electrolyte, and ion conductance between a cathode and an anode is 
facilitated. However, it is understood that polymeric gel electrolyte need not be used with the 
resin sheet in all aspects of the invention. 

[0023] The insulating resin sheet serves as a support for the polymer electrolyte and 
maintains the strength of the separator 2. Examples of such insulating resin sheets include, 
but are not limited to, polyethylene resin, a polypropylene resin, or combinations thereof. A 
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thickness of the insulating resin sheet is in the range of 10 to 30 pm and a porosity is preferably 
40 to 80% according to an embodiment of the invention. 

[0024] If the thickness of the insulating resin sheet is greater than 30 pm, the battery 
performance may deteriorate. If the thickness of the insulating resin sheet is less than 10 pm, 
fine shorting may occur. If the porosity is greater than 80%, the battery performance may 
deteriorate. If the porosity is less than 40%, the manufacture of a separator 2 is quite difficult to 
achieve, which is undesirable. However, it is understood that other combinations of porosities 
and thicknesses can be used or developed. 

[0025] The polymer electrolyte contained in the network structure of the insulating resin sheet 
is prepared by polymerizing a polymer electrolyte precursor comprising a polymer represented 
by formula 1 , a crosslinking agent represented by formula 2, and a polymer electrolyte precursor 
consisting of a lithium salt and a non-aqueous organic solvent or a polymeric electrolyte 
precursor added with N,N-(1 ,4-phenylene)bismaleimide as a crosslinking agent. Formula 1 
and formula 2 are as follows: 



0.6 mol, y ranges from 0.1 to 0.8 mol, z ranges from 0.1 to 0.8 mol, R is an alkyl having 1 to 6 
carbon atoms, n is an integer from 3 to 30, and R' is hydrogen or CH 3 . 



Formula 1 



— (CH 2 CH 2 0)x— (CH 2 CHO)y-(CH 2 CHO)z 

0(CH 2 CH 2 0) 2 R 




Formula 2 




In formula 1 and formula 2, x ranges from 0.1 to 
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[0026] Detailed examples of R represented by formula 1 include a methyl group, an ethyl 
group and the like. Detailed examples of the crosslinking agent represented by formula 2 
include polyethylene glycol dimethacrylate, polyethylene glycol diacrylate and the like. 

[0027] A polymerization temperature of the polymer electrolyte precursor is 60°C to 100°C 
according to an embodiment of the invention. If the polymerization temperature is higher than 
1 00°C, the electrolyte solution undesirably evaporates. If the polymerization temperature is 
lower than 60°C, the crosslinking reaction between the polymer represented by formula 1 and 
the crosslinking agent represented by formula 2 is not carried out. However, it is understood 
that other temperatures can be used. 

[0028] The process of preparing a lithium battery using a polymeric gel electrolyte according 
to an embodiment of the present invention will now be described in detail. 

[0029] A cathode 3 and an anode 4 are obtained or are manufactured by a general method 
of manufacturing a lithium battery, respectively. A lithium metal composite oxide or a sulfur 
compound is used as a cathode active material, and a lithium metal, a carbon material, or 
graphite is used as an anode active material. However, it is understood that other cathodes 3 
and anodes 4 can also be used. 

[0030] An insulating resin sheet having a network structure is interposed between the 
obtained cathode 3 and anode 4. The insulating resin sheet is wound or stacked, thereby 
forming an electrode assembly. 

[0031] The formed electrode assembly is accommodated in an electrode case 1 . A polymer 
electrolyte precursor is injected into the electrode case having the electrode assembly so that 
the polymer electrolyte precursor is impregnated into the insulating resin sheet. Here, the 
injection of the polymer electrolyte precursor is advantageously performed under a 
decompressed condition. It is understood that the polymer precursor could impregnate the 
insulating resin sheet prior to being inserted into the electrode case. 

[0032] The polymer electrolyte precursor is prepared by mixing a polymer represented by 
formula 1, a crosslinking agent represented by formula 2, and an electrolyte solution composed 
of a lithium salt and an organic solvent. In addition, a polymerization starter and a 
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polymerization catalyst may be added to the polymer electrolyte precursor to facilitate a 
crosslinking reaction between the polymer represented by formula 1 and the crosslinking agent 
represented by formula 2 according to an embodiment of the invention. 

[0033] Detailed examples of the polymerization starter includes azobisbutyronitrile (AIBN), 
which is a thermal polymerization starter, where 0.01 to 5 parts by weight of the polymerization 
starter is used based on 100 parts by weight of the polymer represented by formula 1 . Detailed 
examples of the polymerization catalyst include benzoyl peroxide, where 0.01 to 10 parts by 
weight of the polymerization catalyst is used based on 100 parts by weight of the polymer 
represented by formula 1 . However, other starters and catalysts can be used. 

[0034] The polymer represented by formula 1 has a weight-average molecular weight of 
5,000 to 2,000,000, and a content thereof is preferably 2 to 10 parts by weight based on 100 
parts by weight of the polymer electrolyte precursor according to an embodiment of the 
invention. 

[0035] The crosslinking agent represented by formula 2 has a weight-average molecular 
weight of 258 to 500,000, and a content thereof is preferably 0.01 to 50 parts by weight based 
on 100 parts by weight of the polymer electrolyte precursor according to an embodiment of the 
invention. 

[0036] The weight-average molecular weight and the content ranges of the polymer 
represented by formula 1 and the crosslinking agent represented by formula 2 are decided in 
consideration of a viscosity of the polymer electrolyte precursor and the battery performance 
after the polymerization reaction. As such, other weights and contents are possible. 

[0037] According to an embodiment of the invention, the non-aqueous organic solvent is at 
least one selected from the group consisting of propylene carbonate, ethylene carbonate, 
dimethylcarbonate, methylethylcarbonate, diethylcarbonate and vinylene carbonate. The 
lithium salt is at least one selected from the group consisting of LiCI0 4 , LiBF 4j LiPF 6 , UCF 3 S0 3 , 
and LiN(CF 3 S0 2 )2- The content of the electrolyte solution composed of the lithium salt and the 
non-aqueous organic solvent is in the range of 40 to 98 parts by weight based on 100 parts by 
weight of the polymer electrolyte precursor. If the content of the electrolyte solution is greater 
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than 98 parts by weight, the polymerization reaction does not occur. If the content of the 
electrolyte solution is less than 40 parts by weight, the battery performance may undesirably 
deteriorate. However, it is understood that other contents and weights are possible or can be 
developed. 

[0038J In order to increase the mechanical strength of the polymer electrolyte containing 
sheet, N,N-(1 ,4-phenylene)bismaleimide is further added according to an embodiment of the 
invention to the polymer electrolyte precursor as an additional crosslinking agent. A content of 
the N,N-(1,4-phenylene)bismaleimide is in the range of 0.01 to 50 parts by weight based on the 
1 00 parts by weight of the polymer electrolyte precursor. However, other content ranges are 
possible. 

[0039] According to an embodiment of the invention, the electrolyte solution composed of the 
lithium salt and the non-aqueous organic solvent is in the range of 40 to 98 parts by weight 
based on 1 00 parts by weight of the polymer electrolyte precursor. However, it is understood 
that other contents and weights are possible or can be developed. 

[0040] The battery case having the insulating resin sheet having the network structure in 
which the polymer electrolyte precursor is impregnated, is heated. Here, the heating 
temperatures slightly vary according to the kinds of the polymer represented by formula 1 and 
the crosslinking agent represented by formula 2 which is in the range of 60°C to 100°C 
according to an embodiment of the invention. If the heating temperature is higher than 100°C, 
the electrolyte solution evaporates. If the heating temperature is lower than 60°C, the 
polymerization reaction does not occur, which is undesirable. However, it is understood that 
other temperatures can be used or developed. 

[0041] After heating the battery case, the polymer and crosslinking agent in the polymer 
electrolyte precursor are polymerized to form a polymeric gel electrolyte, thereby completing the 
polymer electrolyte containing sheet. 

[0042] The lithium battery according to the present invention is not specifically limited in view 
of the type, and both lithium primary batteries and lithium secondary batteries can be embodied 
in the present invention. 
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[0043] The present invention will now be described through the following examples and is not 
limited thereto. 

Example 1 

[0044] 94 parts by weight of LiCo0 2 , 3 parts by weight of Super-P, and 3 parts by weight of 
polyvinylidenefluoride (PVDF) were dissolved in 80 parts by weight of N-methyl-2-pyrrolidone to 
prepare a cathode active material slurry. The cathode active material slurry was coated on an 
aluminum (Al) foil having a width of 4.9 cm and a thickness of 147 pm. The coated aluminum 
foil was dried and pressed, and cut into a predetermined dimension to manufacture a cathode. 

[0045] 89.8 parts by weight of mezophase carbon fiber (MCF) (such as that manufactured by 
Petoca Ltd., Japan), 0.2 parts by weight of oxalic acid, 10 parts by weight of PVDF were 
dissolved in 120 parts by weight of N-methyl-2-pyrrolidone to prepare an anode active material 
slurry. The anode active material slurry was coated on a copper foil having a width of 5.1 cm 
and a thickness of 178 pm. The coated copper foil was dried and pressed, and cut into a 
predetermined dimension to manufacture an anode. 

[0046] A polyethylene separator (such as that manufactured by Asahi Chemical Industry Co., 
Ltd.) having a width of 5.35 cm, a thickness of 18 pm, and a porosity of 60% was interposed 
between the cathode and the anode, and wound to form an electrode assembly. The electrode 
assembly was put into a battery case, decompressed, and then 5.6 g of a polymer electrolyte 
precursor to be described below was injected into the decompressed battery case. 

[0047] The polymer electrolyte precursor was prepared by adding 3 g of a polymer 
represented by formula 1 having a weight-average molecular weight of 1 ,000,000) (such as that 
manufactured by Daiso Co., Ltd.) to 97 g of an electrolyte solution (such as that manufactured 
by Ube Industries, Ltd.) containing 1.15M LiPF 6 and EC:DMC:DEC in a weight ratio of 3:3:4, 
and dissolved. 1 g of polyethylene glycol dimethacrylate having a weight-average molecular 
weight of 330 was added thereto and mixed. Then, 0.5 g of AIBN was added to the mixture 
and homogenously mixed. 

[0048] Thereafter, the resultant was placed in a constant temperature water bath maintained 
at 70°C for 2 hours and heated to carry out thermal polymerization using the polymer electrolyte 
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precursor. This process created an 18 |jm thick polymer electrolyte containing sheet and a 
lithium secondary battery. 

Example 2 

[0049] A lithium secondary battery was completed in the same manner as Example 1 , except 
that 91 g of an electrolyte solution containing 1.15M LiPF 6 and EC:DMC:DEC in a mixture ratio 
by weight of 3:3:4 (such as that manufactured by Ube Industries, Ltd.), was used, and 6 g of 
polyethylene glycol dimethacrylate was used during the manufacture of the polymer electrolyte 
precursor. 

Example 3 

[0050] A lithium secondary battery was completed in the same manner as Example 1 , except 
that 0.1 g of N,N-(1 ,4-phenylene)bismaleimide was further added to the polymer electrolyte 
precursor. 

Example 4 

[0051] A lithium secondary battery was completed in the same manner as Example 1 , except 
that a polyethylene separator (such as that manufactured by Asahi Chemical Industry Co., Ltd.) 
having a width of 5.35 cm, a thickness of 18 pm and a porosity of 60% was interposed between 
a cathode and an anode and stacked to form the electrode assembly. 

Example 5 

[0052] 3 g of a polymer represented by formula 1 having a weight-average molecular weight 
of 1 ,000,000 (such as that manufactured by Daiso Co., Ltd.) was added to 97 g of an electrolyte 
solution (such as that manufactured by Ube Industries, Ltd.) containing 1.15M LiPF 6 and 
EC:DMC:DEC in a weight ratio of 3:3:4, and dissolved. 1 g of polyethylene glycol 
dimethacrylate having a weight-average molecular weight of 330 was added thereto and mixed. 
Then, 0.5 g of AIBN was added to the mixture and homogenously mixed to manufacture the 
polymer electrolyte precursor. The polymer electrolyte precursor was cast on a support film, 
dried, and heated to 70°C. Then, the resultant was peeled from the support film, thereby 
completing a polymeric gel electrolyte. 
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Example 6 

[0053] A polymeric gel electrolyte was completed in the same manner as Example 1 , except 
that 91 g of an electrolyte solution containing 1.15M LiPF 6 and EC:DMC:DEC in a mixture ratio 
by weight of 3:3:4 (such as that manufactured by Ube Industries, Ltd.), and 6 g of polyethylene 
glycol methacrylate were used during the manufacture of the polymer electrolyte precursor. 

Example 7 

[0054] A polymeric gel electrolyte was completed in the same manner as Example 1 , except 
that 0.1 g of N,N-(1 ,4-phenyIene)bismaleimide was further added to the polymer electrolyte 
precursor. 

[0055] The ion conductivity and mechanical strength of polymeric gel electrolytes prepared 
by Examples 5 through 7 were evaluated. The evaluation tests showed that the ion 
conductivities of the polymeric gel electrolytes prepared in Examples 5-7 were excellent (i.e., 
approximately 0.0001 to 0.001 S/cm), and the mechanical strengths thereof were also excellent 
indicating good manageability. 

[0056] FIG. 1 shows the standard charge/discharge cycle characteristics of the lithium 
secondary batteries manufactured by Examples 1 through 4 of the present invention, and FIG. 2 
shows the discharge-performance-by-rate of a lithium secondary battery manufactured by 
Example 1 of the present invention. Here, charging conditions are as follows. First, charging 
was allowed to proceed up to 4.2V by a constant-current method at 0.2C and remained for 2.5 
hours at the constant voltage of 4.2V. Then, discharging was allowed to proceed and cut off at 
2.75 V. 

[0057] Referring to FIG. 1 , it is confirmed that the standard charge/discharge cycle 
characteristics of the lithium secondary batteries manufactured by Examples 1 through 4 are 
excellent. Referring to FIG. 2, the lithium secondary battery manufactured by Example 1 
maintains excellent discharge performance at an intermediate rate of 1C, a low rate of 0.5C, 
and a high rate of 2C. 
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[0058] A lithium battery according to the present invention has reduced resistance at an 
interface between an electrode and an electrolyte and improved ion conductance between 
electrodes by using a polymeric gel electrolyte as a separator. The polymeric gel electrolyte is 
formed by crosslinking a polymer represented by formula land a crosslinking agent represented 
by formula 2 in a network structure of an insulating resin sheet for electron insulation and has 
improved high-rate charge/discharge characteristics. 

[0059] Although a few preferred embodiments of the present invention have been shown and 
described, it would be appreciated by those skilled in the art that changes may be made in this 
embodiment without departing from the principles and spirit of the invention, the scope of which 
is defined in the claims and their equivalents. 
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